The NTD-method is a procedure to compute differences of eigenvalues in quantum mechanical problems: <oaß=Xa-Xß .
During the last years the New-Tamm-Dancoffmethod (NTD-method) was used to compute elementary particle states in Heisenberg's nonlinear spinor theory 1 . In that procedure, however, one encounters some mathematical and physical problems, which can be demonstrated with the aid of quantum mechanical and field theoretical models. This was done in full length in the case of the unharmonic oscillator 2 . It seems to be useful to apply the NTD-method to nonrelativistic many-bodyproblems in solid state physics. So far most of these models have been evaluated with known quantum mechanical methods. We now want to compare these with the corresponding states inNTDformalism. This may be a first step to obtain a depper understanding of the physical as well as the mathematical problems involved, in particular, since NTD is connected with non-self ad joint but unbounded operators of a type, which have not yet been investigated by the mathematicians.
We define: A NTD-system for many-bodyproblems is an infinite system of coupled differential or integral equations for computing energy differences = Ea -Eß .
In field theoretical formulation? for instance, it connects the so-called r-functions 3
r\ß{x1...xk) = {a\Ty>(x1)...y>{xn)
with each other.
(j a) and [ ß) are eigenstates of the problem, yj and yj* are field operators and T is a time-ordering operator.) This "r-system" arises with the aid of a fundamental field equation, or the corresponding Hamilton operator, and has the symbolical form This infinite system is linear, in contrast to the method of Green's-functions, but it is not possible to truncate the system to generate a finite one, which might be suited to performing approximations of physical states. Only an appropriate linear transformation, the so-called ^-transformation, permits finally such a truncation. Therefore we give a second definition:
NTD-method is an instruction to handle the r-system, before a truncation is introduced. It has the form of Wick's normal-ordering relative to a groundstate specifying the proper inequivalent representation.
In solid state physics this concept allows a clear physical interpretation. For the electronic part we are able to give a formulation in analogy to nonlinear spinor theory, but without the problems of relativistic invariance. Now we can work on familiar ground of known solid state models. Especially the exciton and the electronic polaron model are appropriate to demonstrate the physical and mathematical problems connected with the NTD-method. For that reason we introduce an approximation for the exciton, suited to compare it with the ansatz of Haken's exciton model 4 
. § 1. The Hamiltonian in the Hermitean Field Operators
We begin with the Hamiltonian h 2 . , ^ eef The one-electron-functions may be atom-or Wannier functions
(1.4) Spin variables are neglected. We will also omit those functions which characterize the continous spectrum. Hence there remains only a finite or a countable infinite set of quantum numbers i. The special form of these functions is object of later discussions.
The ansatz (1.2) inserted into (1.1) describes a many-electron-problem in a crystal, where the lattice coordinates are only parameters in the electronic part and where attention is directed towards the local properties of the crystal, e. g. to a perturbated ionic crystal. Amm (r) =w&(r)wm-(r) = (w*i{r)wm'j(r)).
(1.8)
In particular, the properties of Fermi operators demand for the components of (1.7) specially The New-Tamm-Dancoff-method (NTD) was invented to compute energy differences. For this purpose we define the generating functional Moreover, we use operators dp with the properties 6 {3pi, uqj} = dP,qöij; {dPi, yqj] = 0, 3P| 0) = 0 .
Here is | 0) the vacuum in U-space and the operators Up and dp are non-Hermitean operators which anticommute with all ty'p 3 -With 93 and the eigenstates a) and \ ß) we form the commutator
The computation of the left-hand side can conventionally be achieved with the help of 
nk). (2.12)
Here the symbol Itl'/i means that in the position i the argument Tl -x will be replaced by Ttl'. Further the 1 /j and 1 // stands for "defect operators", which point out that the y-th and the /th arguments are absent. Connected with this property is a sign ( -1) ?ii ', which is determined by the number of permutations necessary to displace the defect operators 1/j and 1 // from the first and second position to the j-th and the /-th position, respectively. (2.12) is a linear eigenwertproblem. The NTDmethod means the truncation of such a system at a number k = N to compute approximations from the resulting TV-dimensional part of the system. A serious problem is the question whether such a truncation process leads to physical interesting results. Even if this is so, the importance of this method depends on the possibility to work with small TV' s to elaborate the physical relevant approximations. Otherwise the complexity of the truncated system prevents us from doing any calculation. From investigations with the anharmonic oscillator there exists some experience with this method. One can demonstrate that a linear transformation, the so-called ^-transformation, is necessary to obtain physical results. In our case, this 99-transformation has a physical meaning, too, and we understand this by discussing the matrix elements of the lowest order equations which arise succesively from the truncating of the transformed system. By this process we obtain informations not only about physical, but also about mathematical problems of the NTD-method. § 3. The ^-Transformation
The meaning of the "r-functions" is a set of probability-amplitudes for manybody systems, 01 more precisely, bilinear combinations of such amplitudes. We can demonstrate this by a normalordering, which orders the creation parts in to the left and the destruction parts to the right in (2.11 ). An analysis shows that in order to compute a many body problem, one needs an N comparable with the whole number of electrons in the crystal. Therefore, a computation of energy differences between excited states and the groundstate of the crystal is practically impossible. A better standpoint is the begin with an approximation for a real crystal, represented by filled valence bands, and the subsequent computation of energy differences between excited states and such an approximated groundstate. This groundstate is automatically improved in higher order approximations. We obtain such a situation by normal-ordering the operators in (2.11) relative to that approximated groundstate as a physical vacuum. For this reason we define projection operators Ap and Ap for all lattice points p. The Ap picks out the lip one-electron-functions Wpi(r) which belong to the valence bands, and Ap the mP functions, which belong to the conduction bands. They have the form \nP = number of electrons which belongs to the valence bands, raP = number of (3.1) 1 ' ' electrons which belongs to the conduction bands.
It have
Of course, this decomposition in Ap and Ap is not the only possible one. For particular lattice points, e. g. in perturbated areas of the crystal, we are able to make another decomposition. However, the former point of view is useful in the case of an ideal crystal. Here the choice of Wannier-functions for the localized wpi allows the change to Blochfunctions, if it becomes necessary.
The normal-ordering is most easily arranged in the generating functional (2.1) with the aid of formula ei(A+B) _ e\ [A,B] eiA eiB # (3 3) Analogously to (1.10) we define for this purpose
With that we find
Now insertion of A v and A L makes the following decomposition possible: By means of restriction to a finite number of lattice points and a finite number of functions at these points, we find a maximum k for the order of the (p k, s. Pauli's law forbids at twofold action of the operators in the normal-ordered products in cp k . Therefore, (4.3) becomes a system of high, but finite dimension. This is of great importance for further investigations with regard to the problems of convergence of an infinite system.
We expect from the considerations of § 3, that a good approximation is obtained by truncating the system for small N ^ k. However, it is not immediately obvious, how the different states are generated in the various steps of approximation. The discussion of the matrix elements in (4.3) and the calculations of the first approaches demonstrate, that we reach the expected states in the neighbourhood of the original state, which is fixed by a (ptransformation that contains a suitable choice of the projectors in FP. § 5. Interpretation of Matrixelements and the
Lowest-Order Approximations
We obtain a first insight, if we cut the system (4. 
£k{k) is the one-particle energy of an electron in the periodic potential of all valence-band electrons and all nuclei of the crystal. Therefore, it is the energy of an additional electron, provided k belongs to a function in a conduction band, or it is the negative of a hole, if ke V. With (5. 5.10 a) . This fact will be revealed, when we cal-2. Every state with energy differences coaß is acculate energy differences, where in the first case companied by a state with -tou$. Theorem 2 is a (10a) ja) means the starting state, here the general statement, theorem 1 can be generalized to Hartree-Fock-approximation of the groundstate, higher states, calculated by higher-order approximaand | ß) the additional electron state. In the other tions. In which sequence such higher states appear, case (10 b), the roles of the states ja) and \ ß) are
is not yet clear, however, the treatment of an exinterchanged. We conclude: citon state in this paper gives some insight.
Now we look at the fourth expression at the right-hand side of (4.3). With (5.2) and the assumption (5.8), which means that we use the Hartree-Fock: functions, we obtain We extend the definition to 11
\" 2 Tr (Anim (r2) ?2(m'n')) 1.
(7.2)
in' J
In order to arrive soon at some physical statements, priate Wannier functions may be highly localized, we introduce a simplified crystal model, which conso there is only little overlap between functions at tains only one conduction band with band energy various lattice points. The idea of this concept is, e0(fc) = £L,(k) and three valence bands with ener-that we have a crystal with closed shells of ions in gies e1(k) =e2(k) = e3(k) = €y(k). The approform of p-functions and possible excited 5-func-tions at the same lattice point. An example may be where KCl or NaCl. In our simplified model we will not distinguish between functions in the shells fo Cland K + -ions. 
For the multiplication of Gitl^^ -tl/, tl2 -tl2/o))
with RK , we note the following relations 2 V>=iV;2V^L = i2V; (7.8)
and (3.16). Therefore, we get from (7.1)
e(l) = e(|K + fc), s( 2)=e(|K-fc), (7.10) The system (7.9) breaks up into four parts. This (7.7) can be demonstrated by application of the projections x and the use of £±± := (/± x /±)£ (7.14) (7.15) and get at first (0) ) drx dr2 . is described by a quadratic matrix
<PK (n) is also a matrix, which satisfies the equation Here r is restricted to r= 1, 2, 3. We have used be three p-functions, whose angular part is described by spherical harmonics of first order. We also expand the Coulomb potential in spherical harmonics, and then, we get by integration of the matrix elements Here we have
Approximations for this Green's function can be calculated by introducing approximations about lattice structure and the form £i(fc) and £y(k). For a first inspection we omit the quadrupole coupling between X(n) and We recognize that in both equations an electron-hole state arises with Coulomb potential as interaction: 
n' n'
In an effective mass approximation for the one-electron energies (8.14) we are able to reduce (8.15) and (8.16) to a hydrogen problem 4 . The difference between these equations is merely that their solutions belong to opposite energy differences. Quadrupole coupling splits the spectral lines. But is can be shown that the whole system (8.12) and 8.13) depends only on co 2 , which we expect from the fact that the NTDsystem contains pairs of solutions of co and -co. The quadrupole terms describe a form of screening, however, it is not identical with the screening of the Coulomb potential calculated by other authors 4 . It is the next higher-order approximation that yields such an effect. § 9. Screening of the Coulomb Potential by Polarisation
The next approximation for the even part of (4.3) demands a break-up at /V = 4 and yields real correlations. Equation (7.1) will be completed by The latter holds with (7.4). Refering back to (7.9) we are interested in the projection K +~( n tn2) = (Z&x/<!))£ (n^).
(9.2) of (9.6), and in the trace term we keep a product of two dipoles. One can write the result in the following form The sum over ll' in the brackets of (9.11) can be mastered by passing over to integrals and using the properties of potential functions 7 In L we have to sum over the whole reciprocal lattice, while the summation over k' and k" covers only a basic cell in the reciprocal lattice.
For reason of simplicity we do not want to diagonalisize the whole problem (8.15) plus (9.18), but calculate (9.18) just for S = 0. In addition we assume for the energies eL and ev only next-neighbourinteraction in the cubic primitive lattice. In this case
